ACE ϭ angiotensin-converting enzyme BMI ϭ body mass index PSA ϭ prostate specific antigen Purpose: Prospective studies suggest that statins protect against advanced stage and possibly high grade prostate cancer. However, few studies have investigated the influence of stains on outcomes in men with prostate cancer. Thus, we evaluated the association of statin use with pathological tumor characteristics and prostate cancer recurrence after prostatectomy in a retrospective cohort. Materials and Methods: A total of 2,399 patients of 1 surgeon at Johns Hopkins Hospital who underwent radical prostatectomy in 1993 to 2006 and had not previously received hormone or radiation therapy were followed for recurrence. The surgeon routinely asked during the preoperative consultation what medications the men were using. Additional information on statin use was obtained from a mailed survey. We estimated the association of statin use with nonorgan confined disease (pT3a/b or N1) and high grade disease (Gleason sum [4 ϩ 3] or greater) using logistic regression (OR), and recurrence using Cox proportional hazards regression (HR). Results: The 16.1% of men who used a statin at prostatectomy were statistically significantly less likely to have nonorgan confined disease than nonusers (OR 0.66,. Statin use was inversely associated with high grade disease only in men with preoperative PSA 10 ng/ml or greater (OR 0.35, 95% CI 0.13-0.93, p-interaction ϭ 0.02). The HR of recurrence among men who used a statin for 1 year or greater compared to nonusers was 0.77 (95% CI 0.41-1.42). Conclusions: Our findings support the hypothesis that statin use may protect against prostate cancer with poorer pathological characteristics. We could not rule in or out that longer term statin use may protect against recurrence after prostatectomy.
PROSPECTIVE studies support the hypothesis that statin drugs protect against the development of advanced stage and possibly high grade prostate cancer, [1] [2] [3] [4] [5] [6] although results are generally null for prostate cancer overall.
2,4 -11 Few studies have examined the influence of statins on pathological characteristics of prostate cancers 12, 13 and recurrence after treatment. 14 -19 A retrospective study in 250 patients reported that statins were associated with more favorable pathological characteristics, but this association did not persist after adjustment. 12 A larger study in 1,351 patients found that statin users had more favorable pathological characteristics than nonusers. 13 Studies addressing statin use and recurrence have reported conflicting results. One reported a nonsignificant inverse association in men who underwent brachytherapy. 15 Three studies examined outcomes after radiotherapy, of which 2 reported an inverse association, 14, 18 but the third reported no association. 16 One of the 2 studies that examined the association between statin use and recurrence after surgical treatment found an inverse association, 17 whereas the other found no association. 19 Additional investigations on whether statins influence prostate tumor extent or morphology may inform whether statins prevent advanced stage or high grade prostate cancer. Further, additional investigations on whether statins influence recurrence after prostate cancer treatment may inform whether these drugs have utility as adjuvant therapy for men with clinically localized prostate cancer. Thus, we evaluated the association of statin use with pathological characteristics and recurrence after prostatectomy in a retrospective cohort.
METHODS

Study Population
A total of 2,498 patients with clinically localized prostate cancer who underwent radical retropubic prostatectomy performed by the same surgeon at the Johns Hopkins Hospital between January 1, 1993 and March 31, 2006 were followed for recurrence. At the preoperative consultation the surgeon asked if the men were currently using any medications. If yes, he recorded in the medical record the type of medication, and if no, he recorded that none was used. Preoperative PSA concentration was measured by the surgeon or, since 2004, obtained from the medical record provided by the referring urologist. Preoperative PSA velocity was calculated based on multiple PSA tests from the medical record provided by the referring urologist.
We excluded 2.8% of the men from analysis because of missing information on medication use. Of the men 1.2% were excluded since they received hormone or radiation therapy before prostatectomy. After these exclusions 2,399 men remained in the study cohort. Median followup was 7 years and the proportion of total possible followup observed was 76%. This study was approved by the institutional review boards at the Johns Hopkins School of Medicine and the Johns Hopkins Bloomberg School of Public Health.
Assessment
Statin use. Medical records for the preoperative consultation were reviewed and information on all medications used, including statins, aspirin, nonaspirin nonsteroidal anti-inflammatory drugs, ACE inhibitors, ␣-adrenergic blockers, and diabetes medications, was abstracted while blinded to the outcome. Drug dose was not available.
Information on the timing and duration of statin use was obtained from a survey on lifestyle and medical factors mailed to the 2,209 men who were alive and residing in the United States as of November 2007. Of the 2,399 men 1.8% died before the surveys were mailed. The men were asked whether they had used a statin before or after prostatectomy and, if so, for how long (less than 1, 1 to 4, 5 to 9, or 10 years or greater). Of the 2,209 eligible men 1,583 (72%) responded by August 2009 and were included in analysis. When statin use reported on the survey conflicted with information from the preoperative consultation (8% of cases), we used the information from the preoperative consultation.
Outcome. Prostatectomy specimens were evaluated uniformly by a small number of genitourinary pathologists at the Johns Hopkins Hospital. We classified 683 men with extraprostatic extension (pT3a), seminal vesicle invasion (pT3b), or lymph node involvement (N1) as having nonorgan confined disease, and 242 with a Gleason sum of (4 ϩ 3) or greater as having high grade disease.
Men who underwent prostatectomy were followed postoperatively with PSA tests and digital rectal examinations every 3 months for the first year, semiannually for the second year, and annually thereafter by their primary care physicians. The surgeon contacted the men by mail yearly to request that their physician send their most recent PSA test results for assessment of biochemical recurrence. If PSA was increased, the surgeon repeated a PSA test and recommended imaging as necessary. PSA information 1 year after surgery was available for 99% of the men, and by 5 years of followup PSA information was complete for 80%. Prostate cancer deaths were ascertained through the National Death Index. We classified the 247 men who experienced a confirmed repeat PSA increase from a nadir of nondetectable to 0.2 ng/ml or greater, including biochemical recurrence in 177, local recurrence in 5, metastasis in 46, and prostate cancer death in 9, as having recurred. A total of 55 men died of any cause.
Statistical Analyses
We calculated age standardized means and proportions by statin use at prostatectomy. On cross-sectional analyses, we used logistic regression to calculate age and multivariable adjusted ORs and 95% CIs of nonorgan confined (vs pathologically organ confined), high grade (vs low grade) prostate cancer, and PSA 10 ng/ml or greater (vs less than 10 ng/ml), comparing men who used a statin at the time of the preoperative consultation with nonusers. We repeated this analysis for the duration of statin use before prostatectomy using information from the survey. Covariates obtained from the preoperative consultation medical record were included in the models if they were associated with pathological characteristics or statin use, including age, race, first degree family history of prostate cancer, BMI, aspirin use, and ACE inhibitor use. We further adjusted for cigarette smoking assessed on the survey. Stage and grade were analyzed, stratifying by preoperative PSA (less than 10 vs 10 ng/ml or greater), age at prostatectomy (less than 60 vs 60 years or greater), BMI (less than 26 vs 26 kg/m 2 or greater), number of preoperative PSA tests (less than 1 vs 1 or greater), and use of aspirin or ACE inhibitors at prostatectomy (yes vs no). Statistical interaction was evaluated using the likelihood ratio test.
Using the retrospective cohort design, we used Cox proportional hazards regression to calculate age and multivariable adjusted cause specific HRs and 95% CIs of recurrence and of progression to metastasis or prostate cancer death. For recurrence, we began followup at prostatectomy and censored men at the date of documented recurrence, death or last contact between surgeon and patient, whichever occurred earliest. Similarly, for progression to metastasis or prostate cancer death, we censored men at metastasis, death, or last followup. We estimated the HR of recurrence for statin use at prostatectomy (vs nonuse). Among men who responded to the survey, we estimated the HRs of recurrence for ever statin use before surgery (vs nonuse), time dependent statin use after surgery (vs nonuse), and time dependent total duration of statin use (vs nonuse). Covariates obtained from the medical record were included in the models if they were associated with either recurrence or statin use, including age, race, family history of prostate cancer, BMI, use of aspirin or an ACE inhibitor at the time of the preoperative consultation, pathological stage, pathological Gleason sum, preoperative PSA, and surgery calendar year. We also adjusted for cigarette smoking, which was assessed on the survey. We confirmed the proportional hazards assumption.
All analyses were done using SAS®, version 9.1. All tests were 2-sided and results were considered statistically significant at p Ͻ0.05.
RESULTS
At prostatectomy, 16.1% of the men used a statin. Compared with nonusers, statin users were older and more likely to use aspirin and ACE inhibitors, had lower preoperative PSA, and underwent surgery more recently (table 1). Median time from biopsy to prostatectomy was similar between statin users and nonusers. Characteristics were adjusted to the age distribution of the entire cohort (table 1) .
Pathological Characteristics
After age and multivariable adjustment, statin use at prostatectomy was inversely associated with nonorgan confined disease (table 2). The association did not differ by duration of use among survey respondents (data not shown). The association for statin use at prostatectomy was unchanged after excluding men with positive surgical margins, men who used an ␣-adrenergic blocker or diabetes medications, or nonwhite men (each p Ͻ0.05). Further adjustment for drugs for hypertension and cardiovascular disease, diabetes, and psychiatric diagnoses, comorbid conditions, number of preoperative PSA tests, preoperative PSA concentration, PSA velocity, or calendar year did not alter the results (data not shown).
Statin use at prostatectomy was not inversely associated with high grade disease (table 2), except among men with a preoperative PSA concentration of 10 ng/ml or greater (p-interaction ϭ 0.02, part B of figure) . When restricting to men with organ confined disease, the results for high grade disease overall were unchanged, and they were also unchanged when stratified by preoperative PSA. Statin use was inversely associated with nonorgan confined disease in men with preoperative PSA less than 10 and 10 ng/ml or greater (part A of figure). Statin use was inversely associated with higher preoperative PSA (table 2) . Statin use was inversely associated with nonorgan confined disease regardless of age at surgery (less than 60 years OR 0.72, 95% CI 0.51-1.02 and 60 years or greater OR 0.58, 95% CI 0.39 -0.86). Statin use appeared to be inversely associated with high grade disease in men less than 60 years old (OR 0.56, 95% CI 0.29 -1.04), but not in men 60 years old or older (OR 1.15, 95% CI 0.71-1.86, p-interaction ϭ 0.06). BMI did not modify the association between statin use and nonorgan confined (p-interaction ϭ 0.88) or high grade (p-interaction ϭ 0.67) disease. Statin use was inversely associated with nonorgan confined disease among men who did not use aspirin (OR 0.59, 95% CI 0.44 -0.80), but not among aspirin users (OR 1.13, 95% CI 0.70 -1.83, p-interaction ϭ 0.13). In contrast, statin use appeared to be inversely associated with high grade disease in aspirin users (OR 0.63, 95% CI 0.27-1.48), but not in nonusers (OR 0.99, 95% CI 0.66 -1.48, p-interaction ϭ 0.09). ACE inhibitor use did not modify the association between statin use and nonorgan confined (p-interaction ϭ 0.14) or high grade (p-interaction ϭ 0.22) disease. The association between statin use and nonorgan confined disease (p-interaction ϭ 0.50), and with high grade disease (p-interaction ϭ 0.91) was similar by the number of preoperative PSA tests.
Recurrence
Compared with nonuse, statin use at prostatectomy was not associated with recurrence (HR ϭ 1.00, 95% CI 0.67-1.49), or with progression to metastasis or death (HR ϭ 0.85, 95% CI 0.38 -1.92). Among survey respondents, 16.6% (263) were on a statin at prostatectomy. Of these men 39.0% (516) began receiving a statin subsequently. Ever use of a statin irrespective of starting before or after surgery (vs never use) (table 3) , ever use before surgery (vs never use before surgery and adjusting for ever use after prostatectomy), and first (vs never) or ever use after surgery (vs never use after surgery and adjusting for ever use before surgery) were not associated with recurrence (data not shown). The HR of recurrence for men who used a statin for 1 year or greater irrespective of whether use began before or after prostatectomy compared with never users was 0.77 (95% CI 0.41-1.42). The HR of biochemical recurrence alone was 0.82 (95% CI 0.42-1.64). We could not rule out a positive association for men who used a statin for less than 1 year (table 3) . These results were similar after excluding men with positive surgical margins (data not shown).
DISCUSSION
In this cohort, we observed that men who used a statin at prostatectomy were less likely to have nonorgan confined disease than nonusers. Among men with higher preoperative PSA, statin users were less likely to have high grade disease. Our findings for pathological characteristics are compatible with those from cohort studies showing an inverse association of statin use with the risk of advanced stage and high grade prostate cancer. [1] [2] [3] [4] [5] [6] We could not rule in or out that longer term statin use may protect against recurrence after prostatectomy.
Other groups have reviewed the biological plausibility that statins influence prostate cancer incidence or recurrence. 20, 21 Statin drugs, which inhibit cholesterol synthesis, may influence prostate carcinogenesis through their effects on cholesterol sensitive pathways such as Akt or through their anti-inflammatory properties. Despite the biological plausibility, few studies have investigated the association of statins with pathological characteristics and risk of recurrence. For the pathological characteristics, our results differ from those from 1 small study, 12 but are consistent with those from a later, larger study. 13 For recurrence, our results are consistent with 4 published studies, 14, 15, 17, 18 but not with the other report. 16 Although overall we saw no association between statin use and high grade disease, among men with high preoperative PSA, those who were on a statin were less likely to have a high grade cancer, although this finding is based on a small number of cases. An explanation for this observation is that statins prevent prostate cancer with a poorer prognosis. Preoperative PSA is a prognostic indicator, so that men with both high preoperative PSA and high pathological Gleason sum may have a more aggressive tumor than men with low preoperative PSA and high Gleason sum. 22 These results were not explained by men with high preoperative PSA and high grade disease also having nonorgan confined disease.
Strengths and Limitations
Our large sample size to assess main effects, uniform pathology assessment, and recording of statin use at surgery are study strengths. Detection bias due to different PSA screening histories by statin use is unlikely. Users and nonusers had similar numbers of preoperative PSA tests and median times from biopsy to prostatectomy, suggesting comparable provision and utilization of care between the 2 groups. We observed no difference in the association of statin use with nonorgan confined and high grade disease by the number of preoperative PSA tests further arguing against detection bias. More research is needed to determine if statins may influence risk differently in men with different preoperative characteristics or race/ethnicities. Patients in this cohort were younger than the median age at diagnosis in the United States, and most were white. We were unable to address whether different types or doses of statins may influence prostate cancer pathology and recur- rence differently because information on dose and type of statin was not available.
Of the eligible men 75% responded to the mailed survey. Compared with respondents, nonrespondents were less likely to have received a statin at surgery (14.0% vs 16.6%, p ϭ 0.08), likely to have undergone surgery earlier (mean 1998 vs 1999, p Ͻ0.0001), and more likely to have experienced recurrence (actuarial 19% vs 14%, p Ͻ0.0001). These small differences make profound selection bias unlikely. Further, the association between statin use at surgery and prostate cancer recurrence did not differ between men who did and did not return the survey (p-interaction ϭ 0.65). We assessed self-reported statin use, which may be subject to imperfect recall. We had 80% power at ␣ ϭ 0.05 to detect an HR of 0.6 or less, a magnitude similar to associations observed between statin use and the incidence of advanced prostate cancer in previous studies. Thus, our null result for the association between statin use at prostatectomy and recurrence is likely not due to insufficient power. Finally, we cannot rule out residual confounding due to imperfect adjustment for pathological stage and grade on recurrence analyses.
CONCLUSIONS
Our results support the hypothesis that statins may protect against the development of prostate cancer with poorer pathological characteristics. We could not rule in or out that longer term statin use may protect against recurrence after prostatectomy. If borne out in other studies, these findings could have important implications for prostate cancer chemoprevention and treatment.
